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013.08.0Abstract The complexation reactions between 3,5-di iodo-8-hydroxy quinoline (IQN) and Zn2+,
Ni2+ and Co2+ were studied in dimethylformamide (DMF)-ethanol (EtOH) binary solvent systems
at different temperatures using a conductometric method. The stoichiometry of complexes was
established 1:1. It was found that the stability of complexes formed between cations and this ligand
increases with increases temperature. The standard enthalpies and standard entropies of complexes
were obtained from the temperature dependence of stability constants. The results obtained by con-
ductometric technique show that there is an inverse relationship between the formation constants of
complexes and donor number of solvents. In all cases, the formation constants increased with
increasing amounts of EtOH versus DMF in these binary systems. The standard enthalpy and stan-
dard entropies of complexes were obtained from the temperature dependence of stability constant.
In all cases, DH was positive and DS was negative. The selectivity order for IQN complexes
among various neat studied solvents varies in the order: Zn–IQN2+— Ni–IQN2+—Co–IQN2+.
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071. Introduction
Some physico-chemical techniques such as spectrophotometry
and polarography have been used [1–3] to study the complex
formation between IQN and transition metal cations in the
solutions. The conductometric technique is a sensitive and
inexpensive method with a simple experimental arrangement
for such investigations. Conductometric analysis can be used
for many titration procedures where ionic species are involved.
As the conductance of a solution relates to the total ionic con-
tent, it can be used to follow reactions that result in a change in
this quantity.aculty of Engineering, Alexandria University.
Scheme 1
798 A. Nezhadali, Gh. TaslimiConductometry is an electrochemical technique, which pro-
vides us with most precise data for ions in the solution [4].
There is an increasing interest in the study of complexation
reactions in different solvent systems and their interpretation
in terms of solute’s preferential salvation by one of the mixed
solvent components [5–7].
IQN is an amebicidal drug. It is one of the iodinated deri-
vations of 8-hydroxyquinoline that has been widely used in the
treatment of various intestinal and vaginal infections [8]. The
chemical structure of IQN is shown in Scheme 1.
In this work, the stability constants and stoichiometry of the
complexation were elucidated by conductometric titration of
Co2+, Ni2+ and Zn2+ solutions with IQN solution. The con-
ductometric method for the study of (Zn–IQN)2+, (Ni–
IQN)2+ and (Co–IQN)2+ complexes in various DMF/EtOH
mixtures and temperatures was used to investigate the effect of
solvent properties on the stabilities of the resulting complexes.
2. Experimental
2.1. Materials and solutions
Cobalt (II) nitrate, nickel (II) nitrate, zinc (II) nitrate, ethanol
and N,N-dimethyl formamide were obtained from Merck as
analytical reagent grade materials and were used without fur-
ther puriﬁcation.
Solutions of Co2+, Ni2+ and Zn2+ all at 5 · 104 M con-
centrations were prepared by dissolving the accurately weighed
amount of metal ion salts in proper volume of solvents.Table 1 The values of stability constants of metal ion–IQN 1:1
temperatures.
(M–IQN)2+ Medium (DMF–EtOH
v/v%)
(Zn–IQN)2+ 100%DMF
80%DMF
60%DMF
40%DMF
20%DMF
(Ni–IQN)2+ 100%DMF
80%DMF
60%DMF
40%DMF
20%DMF
(Co–IQN)2+ 100%DMF
80%DMF
60%DMF
40%DMF
20%DMF
a SD= standard deviation.5 · 103 M solutions of IQN (Merck) were prepared by dis-
solving the accurately weighed amount of IQN in the proper
volume of binary solvents. The ligand does not dissolve in pure
EtOH; therefore, we dissolved it in DMF–EtOH mixture.
2.2. Apparatus
The conductance measurements were carried out with a Metr-
ohm 712 conductometer. An immersion cell with integrated Pt
temperature sensor was used. The temperature was performed
on a Perkin–Elmer ultra thermostat with a constant tempera-
ture maintained within ±0.05 C.
2.3. Procedure
A solution of metal cation (5 · 104 M, 40 mL) was placed in a
titration cell, thermostated at a given temperature, and the
conductance of solution was measured. A step by step increase
in IQN concentration was effected by a rapid transfer from
IQN solution prepared in the same solvent (5 · 103 M) to
the titration cell using a microburet, until the total concentra-
tion of the IQN was approximately three times higher than
that of metal cation.
The conductance of solution was measured subsequent to
each addition of reagent solution after thorough stirring. The
conductance reading, taken after 2.0 min of each addition,
was corrected for dilution.
3. Results and discussion
The binding of transition metal cation with IQN can be repre-
sented by following equilibrium equation:
M2þ þ L ¼ ML2þ ð1Þ
where M2+, L and ML2+ are the cation, ligand (IQN) and
complex, respectively.
The complex formation constant in terms of molar conduc-
tivity can be expressed as:complexes in DMF–EtOH binary solvent system at different
Log Kf ± SD
a
15 C 25 C 35 C 45 C
4.08 ± 0.05 4.22 ± 0.07 4.34 ± 0.08 4.38 ± 0.05
4.18 ± 0.08 4.34 ± 0.04 4.44 ± 0.10 4.61 ± 0.07
4.30 ± 0.06 4.42 ± 0.09 4.52 ± 0.09 4.72 ± 0.03
4.43 ± 0.08 4.49 ± 0.07 4.64 ± 0.04 4.80 ± 0.04
4.54 ± 0.07 4.62 ± 0.04 4.75 ± 0.06 4.87 ± 0.07
4.01 ± 0.06 4.16 ± 0.04 4.26 ± 0.09 4.35 ± 0.05
4.11 ± 0.04 4.26 ± 0.07 4.42 ± 0.02 4.52 ± 0.06
4.27 ± 0.06 4.36 ± 0.04 4.49 ± 0.06 4.61 ± 0.07
4.36 ± 0.08 4.45 ± 0.05 4.65 ± 0.10 4.75 ± 0.08
4.45 ± 0.02 4.63 ± 0.06 4.72 ± 0.09 4.85 ± 0.08
3.79 ± 0.06 4.03 ± 0.04 4.14 ± 0.09 4.28 ± 0.07
3.94 ± 0.08 4.13 ± 0.08 4.28 ± 0.12 4.41 ± 0.3
4.16 ± 0.04 4.33 ± 0.11 4.36 ± 0.07 4.50 ± 0.10
4.26 ± 0.06 4.42 ± 0.06 4.48 ± 0.05 4.66 ± 0.08
4.39 ± 0.09 4.59 ± 0.08 4.63 ± 0.07 4.76 ± 0.05
Figure 1 Conductometric titration curves for (Zn–IQN)2+, (Ni–
IQN)2+, (Co–IQN)2+ systems in DMF at 25 C.
Thermodynamic study of complex formation 799Figure 2 Conductometric titration curves for (Zn–IQN)2+ com-
plex in DMF(20%)–EtOH(80), binary solvent systems at 15 C,
25 C, 35 C and 45 C.
Table 2 Thermodynamic parameters for alkali metal ion–IQN 1:1
(M–IQN)2+ Medium (DMF–EtOH v/v%) DG± SD(kJ m
(Zn–IQN)2+ 100%DMF 23.76 ± 0.60
80%DMF 24.31 ± 0.60
60%DMF 24.87 ± 0.60
40%DMF 25.41 ± 0.80
20%DMF 26.45 ± 0.50
(Ni–IQN)2+ 100%DMF 24.01 ± 1.20
80%DMF 24.76 ± 1.30
60%DMF 25.21 ± 1.40
40%DMF 25.61 ± 1.00
20%DMF 26.34 ± 0.70
(Co–IQN)2+ 100%DMF 22.98 ± 1.20
80%DMF 23.58 ± 0.90
60%DMF 24.74 ± 0.60
40%DMF 25.20 ± 0.60
20%DMF 26.20 ± 1.00K2þML ¼ ðK2þM  KÞ=ððK K2þMLÞ:½LÞ ð2Þ
and
½L ¼ ½LT  ðð½Mm:ðKM2þ  KÞÞ=ðK2þM  K2þMLÞ ð3Þ
where K2þM and K
2þ
ML are molar conductance of cations and the
complexes, respectively, and K is apparent molar conductivity
of solutions. The procedure of obtaining the K2þML value is as
follows:
The value of K2þML is estimated from the value at point of
large [L]T to [M]T ratios [4]. The molar conductance data ob-
tain from titration were ﬁtted non-linearly to the Eqs. (1)
and (2), using the Genplot package from computer graphic ser-
vice [9]. The K2þML and the estimated [LML
2+] at large [L]T ra-
tios were used as variable until best convergence was obtained.
The obtained formation constants of studied metal cations and
IQN complexes are shown in Table 1.
The apparent molar conductivity (L) of each metal cation
(M2+) in DMF in the presence of IQN was obtained as a func-
tion of [L]T/[M]T, where [L]T and [M]T are the total concentra-
tions of ligand and cation, respectively.
Some examples of molar conductivity (L) versus [L]T/[M]T
plots at different temperatures are shown in Figs. 1 and 2. The
similar behaviour was observed with the other systems (data
not shown). For (Zn–IQN)2+, (Ni–IQN)2+ and (Co–
IQN)2+ systems, the slope of each curve changes sharply at
[L]T/[M]T = 1; this conﬁrms that a stable 1:1 complex
(ML2+) is formed.
The variations of molar conductance versus the [L]T/[M]T
mole ratio for (M–IQN)2+ complex in binary mixture were
studied at different temperatures. As a typical example, the
molar conductance-mole ratio plots for (Zn–IQN)2+ complex
in DMF/EtOH (20/80%) is shown in Fig. 1. As shown in
Fig. 1, the L value always decreases with an increase in [L]T/
[M]T, showing that the metal cation (M
2+) becomes less mo-
bile upon complexation with ligand.
The conductometric curves corresponding to the cations, li-
gand and complexes were obtained in DMF/EtOH systems.
The stoichiometry of all complexes that were studied in this
work is 1:1. The thermodynamic parameters that were ob-
tained using previous calculation methods [1,4] for this inves-
tigation are given in Table 2.complexes in DMF–EtOH binary solvent systems at 25 C.
ol1) DH± SD(kJ mol1) DS± SD(J mol1 K1)
17.46 ± 2.40 22.27 ± 3.30
24.36 ± 1.50 1.35 ± 0.10
23.03 ± 2.99 7.31 ± 0.40
22.03 ± 3.33 12.0 ± 0.80
19.79 ± 1.91 21.97 ± 1.20
20.12 ± 1.50 12.20 ± 1.00
20.44 ± 1.50 12.98 ± 1.40
20.04 ± 1.60 16.20 ± 1.10
23.7 ± 2.99 5.74 ± 0.60
22.11 ± 1.70 14.55 ± 1.00
20.02 ± 2.50 9.93 ± 0.80
20.26 ± 1.10 11.14 ± 0.50
18.46 ± 3.10 21.06 ± 2.10
22.28 ± 2.40 9.79 ± 1.00
20.76 ± 3.20 18.25 ± 0.50
800 A. Nezhadali, Gh. TaslimiThe Kf value of complexes with metal cations varies as
follows:
(Zn–IQN)2+ > (Ni–IQN)2+ > (Co–IQN)2+ in the same
solvent. This behaviour is conﬁrmed with Irving–Williams
series [2].
The Kf value of (M–IQN)
2+ complexes increases linearly
with an increase in the temperature, so it shows that the com-
plexation is thermopile reaction.
Valuable chemical information can obtained between IQN
and metal cations in solutions. As it is shown in Table 1, the Kf
value of the (M–IQN)2+ complexes increases with increase in
EtOH/DMF ratios. In strong solvating solvents, such as DMF
[9], the complex formation is poor, whereas in solvents with
medium donicites, such as EtOH, a more stable complex is
form. In general, in higher donor solvent, the metal ion is more
strongly solvated.
It was interest to investigate the dependence of complex sta-
bilities and thermodynamic parameters on the composition of
several binary solvent mixtures in order to see how variation of
solvent composition affects the stability of complexation. The
thermodynamic parameters for complex formation are given in
Table 2. As expected, the values of DH and DS depend
strongly on the nature of the medium used. The experimental
values of DH and DS for (M–IQN)2+ complexes show that
in all cases, enthalpy stabilized but entropy destabilized. On
the other hand, the values of thermodynamic parameters are
different to change the composition of solvent systems. As
shown in Table 2, in the most cases, the amount of DH in-
crease with increase in EtOH/DMF ratios, but DS is decrease
that attribute of solvent–cation, solvent–ligand and solvent–
complex interactions.Acknowledgement
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